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PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Please amend the above-identified U.S. patent application as follows: 

IN THE SPECIFICATION : 

Please amend the specification as shown in the attached copy labelled "Marked- 
up copy of Amended Specification". A clean copy of the specification is provided as 
Tab 14. 

IN THE CLAIMS : 

Please amend claims 1-17 as follows. A marked-up copy of the amended claims 
is attached. 



Clean copy of Amended Claims : 

1 . (Amended) A mobile communication terminal comprising: 
a receiver (2) receiving a radio wave from base stations; 

a detector (5, 6, 7) detecting spread codes from signals received by said receiver 

(2); 

a demodulator (8) demodulating the received signals with the spread codes 

detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); and 

a control unit (4) controlling cell search process, and stopping signal processing 

of the cell search in response to detection of invalid cell. 

2. (Amended) The mobile communication terminal according to claim 1, wherein 
said control unit (4) determines the invalid cell based on information received 

from the base station, and stops the processing of said cell. 

3. (Amended) The mobile communication terminal according to claim 2, wherein 
said detector (5, 6, 7) includes: 

a slot timing detector (5) detecting slot timing from the signals received by said 
receiver (2), 

a code group detector (6) detecting a code group based on the slot timing 
detected by said slot timing detector (5) from the signals received by said receiver 
(2), and 

a code detector (7) detecting a code based on the slot timing detected by said 
slot timing detector (5) and the code group detected by said code group detector 
from the signals received by said receiver (2). 

4. (Amended) The mobile communication terminal according to claim 3, wherein 
said control unit (4) stops the processing of received signals when the code 

group detected by said code group detector (6) is not a predetermined code. 

5. (Amended) The mobile communication terminal according to claim 4, wherein 
said code group detector (6) includes: 



a plurality of code generators (15-1 - 15-N), each of said code generators (15-1 - 
15-M) generating a code corresponding to a different code group, 

a dummy code generator (15-(M+1) - 15-N) generating a dummy code different 
from the code groups generated by said plurality of code generators (15-1 - 15-M), 

a plurality of correlators (16-1 - 16-N), each of said correlators (16-1 - 16-N) 
calculating correlation between the signal received by said receiver (2) and the code 
generated by the corresponding code generator (15-1 - 15-N), and 

a determining unit (18) determining invalidity of the detected slot timing based on 
the calculation result of said plurality of correlators (16-1 - 16-N). 

6. (Amended) The mobile communication terminal according to claim 3, wherein 
said control unit (4) stops the signal processing of the cell search if the code 

detector (7) detects a code group other than a code group including the 
predetermined code. 

7. (Amended) The mobile communication terminal according to claim 6, wherein 
said code detector (7) Includes: 

a plurality of code generators (19-1 - 19-N), each of said code generators (19-1 - 
19-M) generating a different code, 

a dummy code generator (19-(M+1) - 19-N) generating a dummy code different 
from the codes generated by said plurality of code generators (19-1 - 19-M), 

a plurality of correlators (20-1 - 20-N), each of said correlators (20-1 - 20-N) 
calculating correlation between the data received by said receiver (2) and the code 
generated by the corresponding code generator (19-1 - 19-N), and 

a determining unit (22) determining invalidity of the detected slot timing based on 
the calculation result of said plurality of correlators (20-1 - 20-N). 

8. (Amended) A mobile communication terminal comprising: 
a receiver (2) receiving a radio wave from base stations; 

a detector (5, 6, 7) detecting spread codes from signals received by said receiver 

(2), 

a demodulator (8) demodulating the received signals with the spread codes 
detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); and 
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a control unit (4) dividing a slot into a plurality of search ranges, 
deleting multipath in said search range, successively allowing said demodulator (8) 
to demodulate the received signals and allowing said decoder (9) to decode the 
demodulated data. 

9. (Amended) The mobile communication terminal according to claim 8, wherein 
said control unit (4) stops the decode processing if the decoded data in said 

search range is invalid data. 

10. (Amended) A communication method comprising the steps of: 
receiving a radio wave from base stations; 

detecting spread codes from said received signals; 

demodulating the received signals with said detected spread codes; 

decoding said demodulated data; and 

controlling cell search process, and stopping signal processing of the cell search 
if said demodulated data is invalid cell. 

11. (Amended) The communication method according to claim 10, wherein 
said step of stopping the signal processing of the cell search includes the step of 

determining invalid cell based on information received from the base station, and 
stopping the signal processing of the cell search. 

12. (Amended) The communication method according to claim 1 1 , wherein 
said step of detecting the spread codes includes the steps of: 

detecting slot timing from said received signals, 

detecting a code group based on said detected slot timing from said received 
signals, and 

detecting a code based on said detected slot timing and said detected code 
group. 

13. (Amended) The communication method according to claim 12, wherein 
said step of stopping the signal processing of the cell search includes the step of 

stopping the signal processing of the cell search if the code group received from the 
base station is not a code group including a predetermined code. 
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14. (Amended) The communication method according to claim 13, wherein 
said step of stopping the signal processing of the cell search includes the steps 

of: 

generating codes corresponding to a plurality of different code groups, 
generating a dummy code different from said plurality of generated code groups, 
calculating correlations of said received signals with respect to said plurality of 

generated code and the dummy code, and 

determining invalidity of the detected code group based on a result of said 

calculation. 

15. (Amended) The communication method according to claim 12, wherein 
said step of stopping the signal processing of the cell search includes the step of 

stopping the signal processing of the cell search if the code received from the base 
station is not a predetermined code. 

16. (Amended) The communication method according to claim 15, wherein 
said step of stopping the signal processing of the cell search includes the steps 

of: 

generating a plurality of different codes, 
generating a dummy code different from said generated code, 
calculating correlations of said received signals with respect to said plurality of 
generated codes and said dummy code, and 

determining invalidity of the data based on a result of said calculation. 

17. (Amended) A communication method comprising the steps of: 
receiving a radio wave from base stations; 

detecting spread codes from said received signals; 
deleting multipath of the code already detected; 

successively demodulating the received signals subjected to the deletion of the 
multipath with said detected spread codes; and 
decoding said demodulated data. 



REMARKS 



The above amendments are being made to make amendments to the 
sepcification and claims prior to examination on the merits. The amendments do not 
add to or depart from the original disclosure, or constitute prohibited new matter. 
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SUBSTITUTE SPECIFICATION 



Mobile Communication Terminal and Communication Method 



5 



Technical Field 

[0001] The present invention relates to a mobile communication terminal 

employing a code division multiplex method for communication, and particularly a 
mobile communication terminal which rapidly searches adjacent cells during cell 
search. 
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Backgroimd Art 
[0002] Ie 



In recent years, mobile communication terminals such as a portable 



telephone and a mobile telephone have been widely used, and various kinds of multiple 
access methods have been developed for use in such mobile communication systems. 

1 5 Among them, a CDMA (Code Division Multiple Access) method has been employed 
in portable telephones and others because it has high quaUty reception capability 
through the exploitation of multipath fading, and can achieve a high utilization 
efficiency of radio resource (can increase a subscriber capacity). 
[0003] Fig. 8 is a schema which shows that the mobile station can receive a 

20 number of radio waves transmitted from adj acent cells via multiple propagation paths 
(multipath). In general, a plurality of base stations (BSl - BS5) are arranged regularly, 
and cells of the base stations form a regular polygon if these base stations are arranged 
to cover a service area with as high a electric field as possible, as is well known and 
shown in Fig. 8. When a mobile communication terminal (MS) performs the cell 

25 search, it receives a plurality of radio waves from respective base stations, and 

additionally receives radio waves (multipath), which are transmitted from various base 
stations, and are shifted in timing from each other due to wave reflection and 
diffraction. This multipath is not necessary, and therefore is deleted during the cell 
search operation by an appropriate manner. 

30 [0004] A stepwise search method has been known as a fast cell search method. 

Fig. 9 shows a processing procediire for detecting and deleting multipath components 
in the stepwise search method. First, slot timing for those including multipath 
components is detected (short-period detection) (SlOl). Detection of slots is 
performed by detecting search codes of the slots. By detecting the frame timing code, 

35 the frame timing is detected (long-period detection), and frirther the code group is 
detected (SI 02). 
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[0005] In addition to the code group, the candidate codes which belong to the 

group is further evaluated (SI 03), and finally a spread codes is identified. Information 
such as spread codes, which is required for recognizing the multipath, is stored in a 
memory 1 10 (SI 04). In this manner, the multipath is recognized based on the 
information of code and timing stored in memory 110, and the multipath is deleted 
fi:om the obtained information (SI 05). The information, firom which the multipath is 
deleted as described above, is decoded so that an amount of decode processing is 
reduced, and fast cell search can be achieved. 

[0006] However, the multipath is deleted after all the slot timing, frame timing 

and codes for one slot are detected and stored in memory 1 1 0. This results in a 
problem that the time required for the entire cell search cannot be reduced. 
[0007] The invention has been developed for overcoming the above problem, 

and a first object of the invention is to provide a mobile commimication terminal 
allowing fast cell search. 

[0008] A second object of the invention is to provide a mobile communication 

terminal allowing accwate identification of spread codes. 

[0009] A third object of the invention is to provide a communication method 

allowing fast cell search. 

[00010] A fourth object of the invention is to provide a communication method 

allowing precise identification of spread codes. 

Disclosure of the Invention 

[00011] According to an aspect of the invention, a mobile communication 
terminal includes a receiver receiving a radio wave from base stations; a detector 
detecting spread codes from signals received by the receiver; a demodulator 
demodulating the received signals with the spread codes detected by the detector; a 
decoder decoding data demodulated by the demodulator; and a control unit conti-oUing 
cell search process, and stopping signal processing of the cell search in response to 
detection of invahd cell. 

[00012] The control unit stops the signal processing of the cell search when 

invahd cell is received. Therefore, the cell search can be performed fast. 

[00013] Preferably, the control unit determines the invalid cell based on the 
information received from the base station, and stops the processing of the cell. 

[00014] Since the control unit stops the processing of the cell based on the 
information received from the base station, the cell search can be performed fast even 
in the cases, e.g., of erroneous detection of an unexisting code or frame timing. 
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[00015] The detector includes a slot timing detector detecting slot timing from 
the signals received by the receiver, a code group detector detecting a code group based 
on the slot timing detected by the slot timing detector from the signals received by the 
receiver, and a code detector detecting a code based on the slot timing detected by the 
5 slot timing detector and the code group detected by the code group detector from the 
signals received by the receiver. 

[00016] The code group detector and the code detector detect the code group and 
the code based on the slot timing detected by the slot timing detector, respectively. 
Therefore, the identification of the spread codes of each slot can be accurately 
10 performed. 

[00017] More preferably, the control portion stops the processing of received 
data when the code group detected by the code group detector is not a predetermined 
code. 

[00018] Since the control unit stops the processing of received signals in the 
15 case where the code group detected by the code group detector is not the predetermined 
code, the cell search processing can be performed fast even in the case where an 
unexisting code group is erroneously detected. 

[0001 9] More preferably, the code group detector includes a plurality of code 
generators generating a code corresponding to a different code group, a dummy code 

20 generator generating a dummy code different from the code group generated by the 

plurality of code generators, a plurality of correlators calculating correlations between 
the data received by the receiver and the codes generated by the plurality of code 
generators and a determining unit determining invahdity of the detected slot timing 
based on the calculation result of the plurality of correlators. 

25 [00020] Since the correlators calculate the correlation between the received data 
and the code generated by the dummy code generator, it is possible to detect an 
inappropriate code group. 

[00021] More preferably, the control unit stops the signal processing of the cell 
search if the code detector detects the code group other than the code group including 
30 the predetermined code. 

[00022] Since the control unit stops the signal processing of the cell search if the 
code detector detects the code other than the predetermined code, the processing of cell 
search can be performed fast even if an unexisting code is erroneously detected. 

[00023] More preferably, the code detector includes a plurality of code 
35 generators generating different codes, respectively, a dummy code generator generating 
a dummy code different from the codes generated by the plurahty of code generators, a 
plurality of correlators calculating correlations between the data received by the 
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receiver and the codes generated by the pluraUty of code generators, and a determining 
^mit determining invaUdity of the detected slot timing based on the calculation result of 
the plurality of correlators. 

[00024] Since the correlators calculate the correlation between the received data 
5 and the code generated by the dummy code generator, an inappropriate code can be 
detected. 

[00025] According to another aspect of the invention, a mobile communication 
terminal includes a receiver receiving a radio wave from base stations; a detector 
detecting spread codes from signals received by the receiver, a demodulator 

10 demodulating the received signals with the spread codes detected by the detector; a 

decoder decoding data demodulated by the demodulator; and a control unit dividing a 
slot into a plurality of search ranges, deleting multipath in the search range, 
successively allowing the demodulator to demodulate the received signals and allowing 
the decoder to decode the demodulated data. 

15 [00026] The control imit divides the slot into a plurahty of search ranges, deletes 

the multipath in the search range, and allows the decoder to decode successively the 
received data. Therefore, the data processing by the decoder can be reduced, and the 
cell search processing can be performed fast. Further, the detector, demodulator, 
decoder and confrol portion can be operated in parallel to perform pipeline processing 

20 so that the processing speed can be fiirther increased. 

[00027] Preferably, the control unit stops the decode processing if the decoded 
data in the search range is invahd data. 

[00028] Since the confrol portion stops the decode processing if the decoded 

data in the search range is invalid data, the time required for the cell search can be 

25 further reduced. 

[00029] According to further another aspect of the invention, a commimication 
method includes the steps of receiving a radio wave from base stations; detecting 
spread codes from the received signals; demodulating the received signals with the 
detected spread codes; decoding the demodulated data; and controlling a cell search 

30 process, and stopping the signal processing of the cell search if the demodulated data is 
invalid. 

[00030] If the demodulated data is invalid, the signal processing of the cell 
search is stopped so that the cell search can be performed fast. 

[00031] Preferably, the step of stopping the signal processing of the cell search 
35 includes the step of determining invahd cell based on the information received from 
the base station, and stopping the signal processing of the cell search. 



[00032] Since the signal processing of the cell search is stopped based on the 
information received from the base station, the cell search can be performed fast, for 
example, even in the case where an imexisting code is detected. 

[00033] More preferably, the step of detecting the spread codes includes the 
5 steps of detecting slot timing from the received signals, detecting a code group based 
on the detected slot timing from the received signals, and detecting a code based on the 
detected slot timing and the detected code group. 

[00034] Since the code group and the code are detected based on the detected 
slot timing, the spread codes of each slot can be accurately identified. 
10 [00035] More preferably, the step of stopping the signal processing of the cell 
search includes the step of stopping the signal processing of the cell search if the code 
group received from the base station is not a code group including a predetermined 
code. 

[00036] Since the signal processing of the cell search is stopped if the code 
15 group is not the code group including the predetermined code, the processing of cell 
search can be performed further fast if inappropriate data is received from the base 
station. 

[00037] More preferably, the step of stopping the signal processing of the cell 
search includes the steps of generating codes corresponding to a plurality of different 
20 code groups, respectively, generating a dummy code different from the plvirality of 
generated code groups, calculating the correlation of the received data with respect to 
the plurality of generated code and the dummy code, and determining invahdity of the 
detected code group based on a result of the calculation. 

[00038] Since the correlation between the received data and the generated code 
25 is calculated, an inappropriate code group can be detected. 

[00039] More preferably, the step of stopping the signal processing of the cell 
search includes the step of stopping the signal processing of the cell search if the code 
received from the base station is not a predetermined code. 
[00040] If the code is different from the predetermined code, the signal 
30 processing of the cell search is stopped so that the cell search processing can be 
performed further fast even if an unexisting code group is erroneously detected. 
[00041] More preferably, the step of stopping the signal processing of the cell 
search includes the steps of generating a plurality of different codes, generating a 
dummy code different from the generated code, calculating a correlation of the 
35 received data with respect to the plurality of generated codes and the dummy code, and 
determining invalidity of the data based on a result of the calculation. 



[00042] Since the correlation between the received data and the generated code 
is calculated, an inappropriate code can be detected. 

[00043] According to still another aspect of the invention, a communication 
method includes the steps of receiving a radio wave from base stations; detecting 
spread codes from the received signals; deleting multipath of the code aheady detected; 
successively demodulating the received signals subjected to the deletion of the 
multipath with the detected spread codes; and decoding the demodulated data. 

[00044] The multipath of the code already detected is deleted, and the received 
data is successively demodulated and decoded. Therefore, the decode processing can 
be eliminated, and the processing of cell search can be performed fast. 

[00045] Preferably, the decoding processing is not performed in the step of 
deleting the multipath if the newly detected code is the multipath. 

[00046] Since the decode processing is not performed if the newly detected code 
is the multipath, the time required for the cell search can be further reduced. 

Brief Description of the Drawings 

[00047] Fig. 1 is a block diagram showing a schematic structure of a mobile 
communication terminal of a first embodiment of the invention; 

Fig. 2 is a block diagram showing schematic structures of a frame timing and 
code group detector 6 and a code detector 7 of the mobile communication terminal of 
the first embodiment of the invention; 

Fig. 3 is a flowchart for showing a processing procedure of the mobile 
communication teraiinal of the first embodiment of the invention; 

Fig. 4 is a block diagram showing a schematic structure of a frame timing and 
code group detector 6' of a mobile communication terminal of a second embodiment of 
the invention; 

Fig. 5 is a block diagram showing a schematic structure of a code detector 7' of 
the mobile communication terminal of the second embodiment of the invention; 

Fig. 6 is a flowchart showing a processing procedure of a mobile 
communication terminal of a third embodiment of the invention; 

Fig. 7 shows determination of a multipath component; 

Fig. 8 shows that MS receives radio waves which include multipath 
components from adjacent cells; 

Fig. 9 is a flowchart showing recognisition and deletion of the multipath 
component during cell search in the prior art. 
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Best Mode for Carrying Out the Invention 

[00048] The invention will now be described in greater detail with reference to 
the drawings. 

(First Embodiment) 

5 [00049] Fig. I is a block diagram showing a schematic structure of a mobile 
communication terminal of a first embodiment of the invention. This mobile 
communication terminal includes an antenna 1, a receiver 2 which receives a weak 
radio frequency wave sent from base stations via antenna 1 and down-converts that into 
a baseband frequency wave, an A/D (Analog-to-Digital) converter 3 which converts 

10 received analog signals into digital signals, a microcomputer 4 which performs entire 
control of the mobile communication terminal, a slot timing detector 5 for detecting 
slot timing during cell search, a frame timing and code group detector 6 which detects 
frame timing and code group during cell search, a code detector 7 which detects a code 
during cell search, a demodulator 8 which demodulates a received code with a detected 

15 spread codes, a decoder 9 which decodes the received signals demodulated by 
demodulator 8, and a memor>' 10 which stores a program to be executed by 
microcomputer 4 and others. The detection of the frame tuning may be performed by 
code detector 7. 

[00050] Fig. 2 is a block diagram showing a schematic structure of frame timing 
20 and code group detector 6. Frame timing and code group detector 6 includes code 

generators 1 - N (11-1 - 1 1-N) generating codes, which are used when detecting a code 
group, correlators 1 - N (12-1 - 12-N) which calculates correlations between a digital 
signal sent from A/D converter 3 and the codes generated by code generators 1 - N (1 1- 
1-1 1-N), a comparator 13 comparing correlation values output from correlators 1-N 
25 (12-1 - 12-N), and a determining unit 14 which determines a code group exhibiting a 
high correlation based on the result of comparison by comparator 13. The result of 
determination of determining unit 14 is stored in memory 10. 

[00051] Code detector 7 has a structure similar to that of frame timing and code 
group detector 6 shown in Fig. 2. However, code generators 1 - N(ll-1 - 1 1-N) do not 
30 generate the codes for detecting the code group, but generate the codes for detecting 
the codes so that correlators 1 - N(12-l - 12-N) calculate the correlations between the 
digital signal sent from A/D converter 3 and the codes output from code generators 1 - 
N(ll-1 - 11-N). 

[00052] Fig. 3 is a flowchart showing a processing procedure of the mobile 
35 commimication terminal of the first embodiment of the invention. First, slot timing 
detector 5 receives the digital signal sent from A/D converter 3, and detects the slot 
timing (SI). Frame timing and code group detector 7 detects the frame timing from the 



digital signal sent from A/D converter 3 using the frame timing code, and detects the 
code group based on the slot timing detected by slot timing detector 5 (S2). 
[00053] Then, microcomputer 4 determines whether the jBrame timing and code 
group detected by frame timing and code group detector 6 are valid or not (S3). For 
5 example, it is determined that the code group is invalid if there is no code group 

exhibiting a high correlation, as will be described later in connection with a second 
embodiment. If it is determined that the frame timing or code group is invalid (invalid 
in S3), microcomputer 4 ends the processing as it is. If it is determined that the frame 
timing and code group are valid (valid in S3), microcomputer 4 operates to detect the 

10 code by code detector 7 (S4). 

[00054] Then, microcomputer 4 determines whether the code detected by code 
detector 7 is valid or not (S5). For example, it is determined that the code is invalid if 
the code exhibiting a high correlations is not present, as will be described later in 
connection with the second embodiment. When it is determined that the code is 

15 invalid (invalid in S4), microcomputer 4 stops the processing as it is. When it is 
determined that the code is valid (valid in S4), microcomputer 4 stores the code in 
memory 10. The multipath is detected and deleted from the code stored in memory 10 
(S7). Decoder 9 decodes the data demodulated by demodulator 8 to acquire the 
notification information, and the processing ends. 

20 [00055] According to the mobile communication terminal of this embodiment, 
as described above, the information is not stored, and the processing stops if the frame 
timing, code group or code is invalid. Therefore, the detection of the multipath during 
the cell search can be efficiently performed, and the processing speed can be improved. 
(Second Embodiment) 

25 [00056] A mobile communication terminal of a second embodiment of the 
invention differs from the mobile communication terminal of the first embodiment 
shown in Fig. 1 only in the structures of the frame timing and code group detector and 
the code detector as well as the program to be executed by microcomputer 4. 
Accordingly, description of the structures and fimctions similar to those of the first 

30 embodiment is not repeated. In the second embodiment, the frame timing and code 

group detector and the code detector bear the reference numbers 6' and T, respectively. 
[00057] Fig. 4 is a block diagram showing a schematic structure of frame timing 
and code group detector 6' of the second embodiment. Frame timing and code group 
detector 6' includes code generators 1 - M (15-1 - 15-M) generating codes for detecting 

35 the frame timing and the code group, code generators M+1 - N (15-(M+1) - 1 5-N) 

generating dummy codes, correlators 1 - N (16-1 - 16-N) which calculate correlations 
between the digital signals sent from A/D converter 3 and the codes output from code 



-8- 



generators 1 - N(15-l - 15-N), a comparator 17 which compares correlation values 
output from correlators 1 - N(16-l - 16-N), and a determining unit 18 which 
determines a code group exhibiting a high correlation based on the result of 
comparison by comparator 17. 
5 [00058] Code generators 1 - M (15-1 - 15-M) generate codes for detecting the 
original frame timing code and code group. Meanwhile code generators M+1 - N (15- 
(M+1) - 15-N) are employed for generating codes for detecting the frame timing code 
and dummy code group, and thus generate the dummy codes different from the codes 
generated by code generators 1 - M(15-l - 15-M). 

10 [00059] If code generators M+1 - N (15-(M+1) - 15-N) generating the dummy 
code group were not employed, determination would be performed to identify the one 
among code generators 1 - M(15-l - 15-M), which generated the frame timing code 
and the code group exhibiting the highest correlation with respect to the digital signal 
sent from A/D converter 3, and thereby the code group would be detected. In this case, 

15 however, even if the digital signal sent from A/D converter 3 exhibited a low 

correlation with respect to each of the code groups generated by code generators 1 - M 
(15-1 - 15-M), one of them would be detected as the code group, and this detection 
would be error in many cases. 

[00060] In confrast to the above, code generators M+1 - N (15-(M+1) - 15-N) 

20 generate the frame timing codes and the dummy codes, and calculation is performed to 
determine the correlation of the received code with respect to the frame timing codes 
and the dummy code group generated by code generators M+1 - N (15-(M+1) - 15-N). 
When the result exhibits the highest correlation, it is determined that any code group is 
not detected so that erroneous detection of the code group is prevented. 

25 [00061] Fig. 5 is a block diagram showing a schematic structure of code detector 
T. Code detector T includes code generators 1 - N (19-1 - 19-M) which generate codes 
for detecting the codes, code generators M+1 - N (19-(M+1) - 19-N) which generates 
dummy codes, correlators 1 - N (20-1 - 20-N) which calculate the correlations between 
the digital signal sent from A/D converter 3 and the codes output from code generators 

30 1 - N (19-1 - 19-N), a comparator 21 which compares the correlation values output 
from correlators 1 - N (20-1 - 20-N), and a determining unit 22 which determines a 
code exhibiting a high correlation based on the result of comparison by comparator 21. 
[00062] Code generators 1 - M (19-1 - 19-M) generate the codes for detecting 
original codes. Meanwhile, code generators M+1 - N (19-(M+1) - 19-N) are employed 

35 for generating the codes for detecting the dummy code, and are configured to generate 
the dimmiy codes, which are different from the codes generated by code generators 1 - 
M(19-l - 19-M). 
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[00063] If code generators M+1 - N (1 9-(M+l ) - 1 9-N) generating the dummy 
codes were not employed, determination would be performed to identify the one 
among code generators 1 - M (19-1 - 19-M), which generated the code exhibiting the 
highest correlation with respect to the digital signal sent from A/D converter 3, and 
5 thereby the code is detected. In this case, however, even if the digital signal sent from 
A/D converter 3 exhibited a low correlation with respect to each of the codes generated 
by code generators 1 - M (19-1 - 19-M), one of them would be detected as the code, 
and this detection would be error in many cases. 

[00064] In contrast to the above, code generators M+1 - N (19-1 - 19-N) 
10 generate the frame timing codes and the codes. In the case where the highest 

correlation is present between the dummy code generated by code generators M+1 - N 
(19-(M+1) - 19-N) and the received code, it is determined that the code is not received 
so that erroneous detection of the code is prevented. 

[00065] According to the mobile commimication terminal of this embodiment, 
15 as described above, the code generators generate the dummy code group or dummy 
codes, and detection of the code group or code is not performed if the received code 
exhibits a high correlation with respect to the dummy code group or the dummy code. 
Therefore, erroneous detection of the code group or code can be prevented. 
(Third Embodiment) 

20 [00066] A mobile commimication terminal of a third embodiment of the 

invention differs from the mobile communication terminal of the first embodiment 
shown in Fig. 1 only in the program to be executed by microcomputer 4. Accordingly, 
description of the structures and functions similar to those of the first embodiment is 
not repeated. 

25 [00067] Fig. 6 is a flowchart showing a processing procedure of the mobile 
communication terminal of the third embodiment. In this flowchart, m indicates a 
number of operations of searching the slot, and n' indicates the number of paths 
detected in a step SI 2. For example, if one slot is searched by four divided operations, 
m is equal to 4, and n' represents the number of paths detected in this processing. 

30 [00068] When microcomputer 4 instructs slot timing detector 5 to detect the slot 

timing (Sll), slot timing detector 5 detects the search code of the slot, and thereby 
detects the slot timing applied from each base station (SI 2). The number of paths 
detected in this processing is represented by n' as described above. 
[00069] Then, microcomputer 4 instructs detection of the frame timing and 

35 identification of the spread codes to frame timing and code group detector 6 and code 
detector 7 (SI 3). When frame timing and code group detector 6 receives the 
instruction for identification of the spread codes, calculation is performed to determine 
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the correlation between the received data in a search range j of the slot and the code 
groups generated by code generators 1 - N, and thereby the code group is detected 
(SI 4). When code detector 7 receives the instruction for identification of the spread 
codes, the calculation is performed to determine the correlation between the received 
5 data in the search range j of the slot and the code groups generated by code generators 
1 - N, and thereby the code is detected (SI 5). 

[00070] Microcomputer 4 discriminates between the multipath and the paths 
sent from different base stations based on the spread codes, which is identified by 
frame timing and code group detector 6 and code detector 7, and deletes the multipath 

10 ifis detected (SI 6). 

[00071] Fig. 7 shows detection of the multipath. When the slot indicated by 
shown in Fig. 7 is received, slot timing of each of slots, which are multiplexed in one 
slot, is detected (S12 in Fig. 6). As indicated by in Fig. 7, the frame timing and code 
group are detected (SI 4 in Fig. 6). As indicated by in Fig. 7, the code is detected 

15 (SI 5 in Fig. 6). The frame timing, code group and code are successively detected by 
performing the search m times (m: time of search operations). 
[00072] As indicated by in Fig. 7, when the spread codes is identified, it is 
determined for the paths detected in the same slot whether the multipath is present or 
not based on whether the same spread codes are detected for a time period not 

20 exceeding a predetermined time (S 16 in Fig. 6). For example, in the slot at the left 

end, two paths are detected within the predetermined time, and both exhibit the spread 
codes of "C3" so that the latter path is determined as the multipath, and is deleted. 
Two paths detected in the second left slot are detected within the predetermined time, 
but exhibit different spread codes "C7" and "C2" so that these are determined as carrier 

25 waves coming from different base stations, respectively. Further, two paths in the slot 
at the right end are not detected within the predetermined time, and therefore are 
determined that these are not multipath. 

[00073] Again, the flowchart of Fig. 6 will be described. Microcomputer 4 then 
instructs demodulator 8 and decoder 9 to start demodulation and decoding of the 
30 received data (SI 7). Demodulator 8 and decoder 9 start the demodulation and 

decoding in accordance with the instructions sent from microcomputer 4 (SI 8). In this 
processing, the multipath is already deleted so that the times required for demodulation 
and decoding can be short. 

[00074] Microcomputer 4 performs the processing of determining 
35 validity/invalidity of the received data in parallel with the processing by demodulator 8 
and decoder 9 (SI 9). If the received data is valid, the received data is stored in a table 
31. If invalid, microcomputer 4 instructs demodulator 8 and decoder 9 to stop the 
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processing. Since processing by microcomputer 4 in steps S13, S16, S17 and S19, the 
processing by frame timing and code group detector 6 and code detector 7 in steps S14 
and SI 5, and the processing by demodulator 8 and decoder 9 in step SI 8 can be 
performed in parallel with each other so that these can be performed as pipeline 
5 processing, whereby the cell search can be performed further fast. 

[00075] The processing in steps S13 - S19 described above are performed for i = 
0 - n'-l, and the processing is effected on the detected paths of n' in number. When the 
processing on the detected paths of n' in number is completed, the processing returns to 
step Sll, and processing for the next search ranges is successively performed. 

10 [00076] According to the mobile communication terminal of the embodiment, as 

described above, one slot is divided into a plurality of search ranges, and identification 
of the spread codes, deletion of the multipath, and demodulation and decoding of the 
received data are successively performed in the search ranges thus divided. Therefore, 
the time required for decoding the multipath can be reduced so that the cell search can 

15 be performed fast. Further, it is not necessary to employ a memory of a large capacity, 
which is required in the prior art for storing information used for deleting the 
muhipath. Accordingly, the scale of hardware of the mobile communication terminal 
can be reduced. 

[00077] Although the present invention has been described and illustrated in 
20 detail, it is clearly understood that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and scope of the present invention 
being limited only by the terms of the appended claims. 
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CLAIMS 



1 . A mobile communication terminal comprising: 
a receiver (2) receiving a radio wave from base stations; 
5 a detector (5, 6, 7) detecting spread codes from signals received by said receiver 

(2); 

a demodulator (8) demodulating the received signals with the spread codes 
detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); and 
10 a control unit (4) controlling cell search process, and stopping signal processing 

of the cell search in response to detection of invalid cell. 



2. The mobile commimication terminal according to claim 1, wherein 
said confrol unit (4) determines the invalid cell based on information received 
15 from the base station, and stops the processing of said cell. 



3. The mobile communication terminal according to claim 2, wherein 
said detector (5, 6, 7) includes: 

a slot timing detector (5) detecting slot timing from the signals received by said 
20 receiver (2), 

a code group detector (6) detecting a code group based on the slot timing 
detected by said slot timing detector (5) from the signals received by said receiver (2), 
and 

a code detector (7) detecting a code based on the slot timing detected by said 
25 slot timing detector (5) and the code group detected by said code group detector from 
the signals received by said receiver (2). 



4. The mobile communication terminal according to claim 3, wherein 
said confrol unit (4) stops the processing of received signals when the code 
30 group detected by said code group detector (6) is not a predetermined code. 



5. The mobile communication terminal according to claim 4, wherein 
said code group detector (6) includes: 

aplurality of code generators (15-1 - 15-N), each of said code generators (15-1 
35 - 15-M) generating a code corresponding to a different code group, 

a dunmiy code generator (15-(M+1) - 15-N) generating a dummy code different 
from the code groups generated by said plurality of code generators (15-1 - 15-M), 
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a plurality of correlators (16-1 - 16-N), each of said correlators (16-1 - 16-N) 
calculating correlation between the signal received by said receiver (2) and the code 
generated by the corresponding code generator (15-1 - 15-N), and 

a determining unit (18) determining invalidity of the detected slot timing based 
5 on the calculation resuh of said plurahty of correlators (16-1-1 6-N). 

6. The mobile communication terminal according to claim 3, wherein 
said control unit (4) stops the signal processing of the cell search if the code 
detector (7) detects a code group other than a code group including the predetermined 
10 code. 



7. The mobile communication terminal according to claim 6, wherein 
said code detector (7) includes: 

a plurality of code generators (19-1 - 19-N), each of said code generators (19-1 
15 - 19-M) generating a different code, 

a dummy code generator (19-(M+1) - 19-N) generating a dummy code different 
from the codes generated by said plurality of code generators (19-1 - 19-M), 

a plurality of correlators (20-1 - 20-N), each of said correlators (20-1 - 20-N) 
calculating correlation between the data received by said receiver (2) and the code 
20 generated by the corresponding code generator (19-1 - 19-N), and 

a determining unit (22) determining invahdity of the detected slot timing based 
on the calculation resuh of said plurahty of correlators (20-1 - 20-N). 

8. A mobile communication terminal comprising: 

25 a receiver (2) receiving a radio wave from base stations; 

a detector (5, 6, 7) detecting spread codes from signals received by said receiver 

(2), 

a demodulator (8) demodulating the received signals with the spread codes 
detected by said detector (5, 6, 7); 
30 a decoder (9) decoding data demodulated by said demodulator (8); and 

a control unit (4) dividing a slot into a plurahty of search ranges, 
deleting multipath in said search range, successively allowing said demodulator (8) to 
demodulate the received signals and allowing said decoder (9) to decode the 
demodulated data. 

35 

9. The mobile communication terminal according to claim 8, wherein 
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said control unit (4) stops the decode processing if the decoded data in said 
search range is invalid data. 

10. A communication method comprising the steps of: 
5 receiving a radio wave from base stations; 

detecting spread codes from said received signals; 

demodulating the received signals with said detected spread codes; 

decoding said demodulated data; and 

confrolling cell search process, and stopping signal processing of the cell search 
10 if said demodulated data is invalid cell. 



1 1 . The commimication method according to claim 10, wherein 

said step of stopping the signal processing of the cell search includes the step of 
determining invalid cell based on information received from the base station, and 
15 stopping the signal processing of the cell search. 

12. The communication method according to claim 1 1 , wherein 
said step of detecting the spread codes includes the steps of: 
detecting slot timing from said received signals, 

20 detecting a code group based on said detected slot timing from said received 

signals, and 

detecting a code based on said detected slot timing and said detected code 

group. 

25 13. The communication method according to claim 12, wherein 

said step of stopping the signal processing of the cell search includes the step of 
stopping the signal processing of the cell search if the code group received from the 
base station is not a code group including a predetermined code. 

30 14. The communication method according to claim 13, wherein 

said step of stopping the signal processing of the cell search includes the steps 

of: 

generating codes corresponding to a plurahty of different code groups, 
generating a dummy code different from said plurahty of generated code 

35 groups, 

calculating correlations of said received signals with respect to said plurality of 
generated code and the dummy code, and 
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determining invalidity of the detected code group based on a result of said 
calculation. 

15. The communication method according to claim 12, wherein 

said step of stopping the signal processing of the cell search includes the step of 
stopping the signal processing of the cell search if the code received from the base 
station is not a predetermined code. 

16. The communication method according to claim 15, wherein 

said step of stopping the signal processing of the cell search includes the steps 

of: 

generating a plurality of different codes, 
generating a dummy code different from said generated code, 
calculating correlations of said received signals with respect to said plurality of 
generated codes and said dummy code, and 

determining invalidity of the data based on a result of said calculation. 

17. A communication method comprising the steps of: 
receiving a radio wave from base stations; 
detecting spread codes from said received signals; 
deleting multipath of the code already detected; 

successively demodulating the received signals subjected to the deletion of the 
multipath with said detected spread codes; and 
decoding said demodulated data. 

18. The communication method according to claim 17, wherein 

said decoding processing is not performed in said step of deleting the multipath 
if the newly detected code is the multipath. 
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ABSTRACT 



A mobile communication terminal includes a receiver (2) receiving a radio 
wave from base stations, a detector (5, 6, 7) detecting spread codes from the signal 
5 received by the receiver (2), a demodulator (8) demodulating the received signal with 
the spread codes detected by the detector (5, 6, 7), a decoder (9) decoding data 
demodulated by the demodulator (8), and a control unit (4) controlling processing 
during cell search, and stopping processing of the data in response to reception of 
invalid data. Since the control unit (4) stops the processing of the data if it receives the 
10 invalid data, the cell search can be performed fast. 
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SPECIFICATION 
Mobile Communication Terminal and Communication Method 
Technical Field 

The present invention relates to a mobile communication terminal employing a 
code division multiplex method for communication, and particularly a mobile 
communication terminal which rapidly searches adjacent cells during cell search. 

Background Art 

In recent years, mobile communication terminals such as a portable telephone 
and a mobile telephone have been widely used, and various kinds of multiple access 
methods have been developed for use in such mobile communication systems. Among 
them, a CDMA (Code Division Multiple Access) method has been employed in 
portable telephones and others because it has high quahty reception capability through 
the exploitation of multipath fading, and can achieve a high utilization efficiency of 
radio resource (can increase a subscriber capacity). 

Fig. 8 is a schema which shows that the mobile station can receive a number of 
radio waves transmitted from adjacent cells via multiple propagation paths (multipath). 
In general, a plurality of base stations (BSl - BS5) are arranged regularly, and cells of 
the base stations form a regular polygon if these base stations are arranged to cover a 
service area with as high a electric field as possible, as is well known and shown in 
Fig. 8. When a mobile communication terminal (MS) performs the cell search, it 
receives a plurality of radio waves from respective base stations, and additionally 
receives radio waves (multipath), which are transmitted from various base stations, and 
are shifted in timing from each other due to wave reflection and diffraction. This 
multipath is not necessary, and therefore is deleted during the cell search operation by 
an appropriate manner. 

A stepwise search method has been known as a fast cell search method. Fig. 9 
shows a processing procedure for detecting and deleting multipath components in the 
stepwise search method. First, slot timing for those including multipath components is 
detected (short-period detection) (SI 01). Detection of slots is performed by detecting 
search codes of the slots. By detecting the frame timing code, the frame timing is 
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detected (long-period detection), and further the code group is detected (SI 02). 

In addition to the code group, the candidate codes which belong to the group is 
further evaluated (S103), and finally a spread codes is identified. Information such as 
spread codes, which is required for recognizing the multipath, is stored in a memory 
5 11 0 (S 1 04). In this maimer, the multipath is recognized based on the information of 
code and timing stored in memory 110, and the multipath is deleted from the obtained 
information (S105). The information, from which the multipath is deleted as described 
above, is decoded so that an amount of decode processing is reduced, and fast cell 
search can be achieved. 
10 However, the multipath is deleted after all the slot timing, frame timing and 

codes for one slot are detected and stored in memory 110. This results in a problem 
that the time required for the entire cell search cannot be reduced. 

The invention has been developed for overcoming the above problem, and a 
first object of the invention is to provide a mobile communication terminal allowing 
15 fast cell search. 

A second object of the invention is to provide a mobile communication 
terminal allowing accurate identification of spread codes. 

A third object of the invention is to provide a commimication method allowing 
fast cell search. 

20 A fourth object of the invention is to provide a commimication method 

allowing precise identification of spread codes. 

Disclosure of the Invention 

According to an aspect of the invention, a mobile communication terminal 
25 includes a receiver receiving a radio wave from base stations; a detector detecting 

spread codes from signals received by the receiver; a demodulator demodulating the 
received signals with the spread codes detected by the detector; a decoder decoding 
data demodulated by the demodulator; and a control unit controlling cell search 
process, and stopping signal processing of the cell search in response to detection of 
30 invalid [data] cell . 

The confrol unit stops the signal processing of the cell search when invalid 
[data] cell is received. Therefore, the cell search can be performed fast. 

Preferably, the control unit determines the invalid [data] cell based on the 
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information received from the base station, and stops the processing of the [data] cell . 

Since the control xmit stops the processing of the [data] cell based on the 
information received from the base station, the cell search can be performed fast even 
in the cases, e.g., of erroneous detection of an imexisting code or frame timing. 
5 The detector includes a slot timing detector detecting slot timing from the [data] 

signals received by the receiver, a code group detector detecting a code group based on 
the slot timing detected by the slot timing detector from the signals received bv the 
receiver, and a code detector detecting a code based on the slot timing detected by the 
slot timing detector and the code group detected by the code group detector from the 
10 signals received by the receiver . 

The code group detector and the code detector detect the code group and the 
code based on the slot timing detected by the slot timing detector, respectively. 
Therefore, the identification of the spread codes of each slot can be accurately 
performed. 

15 More preferably, the control portion stops the processing of received data when 

the code group detected by the code group detector is not a predetermined code. 

Since the confrol [portion] unit stops the processing of received [data] signals in 
the case where the code group detected by the code group detector is not the 
predetermined code, the cell search processing can be performed fast even in the case 
20 where an unexisting code group is erroneously detected. 

More preferably, the code group detector includes a plurality of code generators 
generating a code corresponding to a different code group, a dummy code generator 
generating a dummy code different from the code group generated by the pluraUty of 
code generators, a plurality of correlators calculating correlations between the data 
25 received by the receiver and the codes generated by the plurality of code generators and 
a determining unit determining invalidity of [data] the detected slot timing based on the 
calculation result of the plurahty of correlators. 

Since the correlators calculate the correlation between the received data and the 
code generated by the dummy code generator, it is possible to detect an inappropriate 
30 code group. 

More preferably, the control unit stops the signal processing of the [received 
data] cell search if the code detector detects the code group other than the code group 
including the predetermined code. 
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Since the control unit stops the signal processing of the [received data] cell 
search if the code detector detects the code other than the predetermined code, the 
processing of cell search can be performed fast even if an unexisting code is 
erroneously detected. 

5 More preferably, the code detector includes a plurality of code generators 

generating different codes, respectively, a dummy code generator generating a dummy 
code different from the codes generated by the plurahty of code generators, a plurality 
of correlators calculating correlations between the data received by the receiver and the 
codes generated by the plurality of code generators, and a determining unit determining 

10 invalidity of the [data] detected slot timing based on the calculation result of the 
plurality of correlators. 

Since the correlators calculate the correlation between the received data and the 
code generated by the dummy code generator, an inappropriate code can be detected. 

According to another aspect of the invention, a mobile communication terminal 

15 includes a receiver receiving a radio wave from base stations; a detector detecting 

spread codes from signals received by the receiver, a demodulator demodulating the 
received signals with the spread codes detected by the detector; a decoder decoding 
data demodulated by the demodulator; and a control unit dividing a slot into a plurality 
of search ranges, deleting multipath in the search range [and]^ successively [decoding 

20 the received data by the decoder] allowing the demodulator to demodulate the received 
signals and allowing the decoder to decode the demodulated data . 

The confrol unit divides the slot into a plurality of search ranges, deletes the 
multipath in the search range, and allows the decoder to decode successively the 
received data. Therefore, the data processing by the decoder can be reduced, and the 

25 cell search processing can be performed fast. Further, the detector, demodulator, 

decoder and confrol portion can be operated in parallel to perform pipeline processing 
so that the processing speed can be ftirther increased. 

Preferably, the control unit stops the decode processing if the [received] 
decoded data in the search range is invalid data. 

30 Since the confrol portion stops the decode processing if the [received] decoded 

data in the search range is invalid data, the time required for the cell search can be 
further reduced. 

According to further another aspect of the invention, a communication method 
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includes the steps of receiving a radio wave from base stations; detecting spread codes 
from the received signals; demodulating the received signals with the detected spread 
codes; decoding the demodulated data; and controlUng a cell search process, and 
stopping the signal processing of the cell search if the [received] demodulated data is 
5 invalid. 

If the [received] demodulated data is invalid, the sigjial processing of the 
[received data] cell search is stopped so that the cell search can be performed fast. 

Preferably, the step of stopping the signal processing of the [received data] cell 
search includes the step of determining invalid [data] cell based on the information 
10 received from the base station, and stopping the signal processing of the [data] cell 
search . 

Since the signal processing of the [data] cell search is stopped based on the 
information received from the base station, the cell search can be performed fast, for 
example, even in the case where an unexisting code is detected. 
15 More preferably, the step of detecting the spread codes includes the steps of 

detecting slot timing from the received [data] signals , detecting a code group based on 
the detected slot timing from the received signals , and detecting a code based on the 
detected slot timing and the detected code group . 

Since the code group and the code are detected based on the detected slot 
20 timing, the spread codes of each slot can be accurately identified. 

More preferably, the step of stopping the [data] signal processing of the cell 
search includes the step of stopping the signal processing of the [received data] cell 
search if the code group received from the base station is not a code group including a 
predetermined code. 

25 Since the signal processing of the [received data] cell search is stopped if the 

code group is not the code group including the predetermined code, the processing of 
cell search can be performed fiirther fast if inappropriate data is received from the base 
station. 

More preferably, the step of stopping the signal processing of the [received 
30 data] cell search includes the steps of generating codes corresponding to a plurality of 
different code groups, respectively, generating a dummy code different from the 
pluraUty of generated code groups, calculating the correlation of the received data with 
respect to the plurality of generated code and the dummy code, and determining 
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invalidity of the [data] detected code group based on a result of the calculation. 

Since the correlation between the received data and the generated code is 
calculated, an inappropriate code group can be detected. 

More preferably, the step of stopping the signal processing of the [data] cell 
5 search includes the step of stopping the signal processing of the [received data] cell 
search if the code received from the base station is not a predetermined code. 

If the code is different from the predetermined code, the signal processing of 
the [received data] cell search is stopped so that the cell search processing can be 
performed further fast even if an unexisting code group is erroneously detected. 
10 More preferably, the step of stopping the [data] signal processing of the cell 

search includes the steps of generating a plurality of different codes, generating a 
dummy code different from the generated code, calculating a correlation of the 
received data with respect to the plurality of generated codes and the dummy code, and 
determining invalidity of the data based on a result of the calculation. 
15 Since the correlation between the received data and the generated code is 

calculated, an inappropriate code can be detected. 

According to still another aspect of the invention, a communication method 
includes the steps of receiving a radio wave from base stations; detecting spread codes 
from the received signals; deleting multipath of the code already detected; successively 
20 demodulating the received [data] signals subjected to the deletion of the multipath with 
the detected spread codes; and decoding the demodulated data. 

The multipath of the code already detected is deleted, and the received data is 
successively demodulated and decoded. Therefore, the decode processing can be 
eliminated, and the processing of cell search can be performed fast. 
25 Preferably, the decoding processing is not performed in the step of deleting the 

multipath if the newly detected code is the multipath. 

Since the decode processing is not performed if the newly detected code is the 
multipath, the time required for the cell search can be fiirther reduced. 



30 Brief Description of the Drawings 

Fig. 1 is a block diagram showing a schematic structure of a mobile 
communication terminal of a first embodiment of the invention; 

Fig. 2 is a block diagram showing schematic structures of a frame timing and 
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code group detector 6 and a code detector 7 of the mobile commimication terminal of 
the first embodiment of the invention; 

Fig. 3 is a flowchart for showing a processing procedure of the mobile 
communication terminal of the first embodiment of the invention; 
5 Fig. 4 is a block diagram showing a schematic structure of a frame timing and 

code group detector 6' of a mobile communication terminal of a second embodiment of 
the invention; 

Fig. 5 is a block diagram showing a schematic structure of a code detector T of 
the mobile communication terminal of the second embodiment of the invention; 
10 Fig. 6 is a flowchart showing a processing procedure of a mobile 

coimnunication terminal of a third embodiment of the invention; 
Fig. 7 shows determination of a multipath component; 
Fig. 8 shows that MS receives radio waves which include multipath 
components from adjacent cells; 
15 Fig. 9 is a flowchart showing recognisition and deletion of the multipath 

component during cell search in the prior art. 

Best Mode for Carrying Out the Invention 

The invention will now be described in greater detail with reference to the 
20 drawings. 

(First Embodiment) 

Fig. 1 is a block diagram showing a schematic structure of a mobile 
communication terminal of a first embodiment of the invention. This mobile 
communication terminal includes an antenna 1, a receiver 2 which receives a weak 

25 radio frequency wave sent from base stations via antenna 1 and down-converts that into 
a baseband frequency wave, an A/D (Analog-to-Digital) converter 3 which converts 
received analog signals into digital signals, a microcomputer 4 which performs entire 
control of the mobile communication terminal, a slot timing detector 5 for detecting 
slot timing during cell search, a frame timing and code group detector 6 which detects 

30 frame timing and code group during cell search, a code detector 7 which detects a code 
during cell search, a demodulator 8 which demodulates a received code with a detected 
spread codes, a decoder 9 which decodes the received signals demodulated by 
demodulator 8, and a memory 10 which stores a program to be executed by 
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microcomputer 4 and others. The detection of the frame timing may be performed by 
code detector 7. 

Fig. 2 is a block diagram showing a schematic structure of frame timing and 
code group detector 6. Frame timing and code group detector 6 includes code 
5 generators 1 - N(ll-1 - 1 1-N) generating codes, which are used when detecting a code 
group, correlators 1-N (12-1 - 12-N) which calculates correlations between a digital 
signal sent from A/D converter 3 and the codes generated by code generators 1 - N (11- 
1-1 1-N), a comparator 13 comparing correlation values output from correlators 1-N 
(12-1 - 12-N), and a determining unit 14 which determines a code group exhibiting a 

10 high correlation based on the result of comparison by comparator 1 3 . The result of 
determination of determining unit 14 is stored in memory 10. 

Code detector 7 has a structure similar to that of frame timing and code group 
detector 6 shown in Fig. 2. However, code generators 1 - N (1 1-1 - 11 -N) do not 
generate the codes for detecting the code group, but generate the codes for detecting 

15 the codes so that correlators 1 - N(12-l - 12-N) calculate the correlations between the 
digital signal sent from A/D converter 3 and the codes output from code generators 1 - 
N(ll-1 - 11-N). 

Fig. 3 is a flowchart showing a processing procedure of the mobile 
communication terminal of the first embodiment of the invention. First, slot timing 

20 detector 5 receives the digital signal sent from A/D converter 3, and detects the slot 

timing (SI). Frame timing and code group detector 7 detects the frame timing from the 
digital signal sent from A/D converter 3 using the frame timing code, and detects the 
code group based on the slot timing detected by slot timing detector 5 (S2). 

Then, microcomputer 4 determines whether the frame timing and code group 

25 detected by frame timing and code group detector 6 are valid or not (S3). For example, 
it is determined that the code group is invahd if there is no code group exhibiting a 
high correlation, as will be described later in connection with a second embodiment. If 
it is determined that the frame timing or code group is invalid (invalid in S3), 
microcomputer 4 ends the processing as it is. If it is determined that the frame timing 

30 and code group are valid (valid in S3), microcomputer 4 operates to detect the code by 
code detector 7 (S4). 

Then, microcomputer 4 determines whether the code detected by code detector 
7 is valid or not (S5). For example, it is determined that the code is invalid if the code 
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exhibiting a high correlations is not present, as will be described later in connection 
with the second embodiment. When it is determined that the code is invalid (invalid in 
S4), microcomputer 4 stops the processing as it is. When it is determined that the code 
is vaUd (valid in S4), microcomputer 4 stores the code in memory 10. The multipath is 
5 detected and deleted from the code stored in memory 1 0 (S7). Decoder 9 decodes the 
data demodulated by demodulator 8 to acquire the notification information, and the 
processing ends. 

According to the mobile communication terminal of this embodiment, as 
described above, the information is not stored, and the processing stops if the frame 
10 timing, code group or code is invalid. Therefore, the detection of the multipath during 
the cell search can be efficiently performed, and the processing speed can be improved. 
(Second Embodiment) 

A mobile commimication terminal of a second embodiment of the invention 
differs from the mobile communication terminal of the first embodiment shown in Fig. 

15 1 only in the structures of the frame timing and code group detector and the code 
detector as well as the program to be executed by microcomputer 4. Accordingly, 
description of the structures and functions similar to those of the first embodiment is 
not repeated. In the second embodiment, the frame timing and code group detector and 
the code detector bear the reference numbers 6' and 7', respectively. 

20 Fig. 4 is a block diagram showing a schematic structiire of frame timing and 

code group detector 6' of the second embodiment. Frame timing and code group 
detector 6' includes code generators 1 - M (15-1 - 15-M) generating codes for detecting 
the frame timing and the code group, code generators M+1 - N (15-(M+1) - 15-N) 
generating dummy codes, correlators 1 - N(16-l - 16-N) which calculate correlations 

25 between the digital signals sent from AID converter 3 and the codes output from code 
generators 1 - N (15-1 - 15-N), a comparator 17 which compares correlation values 
output from correlators 1 - N (16-1 - 16-N), and a determining unit 18 which 
determines a code group exhibiting a high correlation based on the result of 
comparison by comparator 17. 

30 Code generators 1 - M (15-1 - 15-M) generate codes for detecting the original 

frame timing code and code group. Meanwhile code generators M+1 - N (15-(M+1) - 
15-N) are employed for generating codes for detecting the frame timing code and 
dummy code group, and thus generate the dummy codes different from the codes 
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generated by code generators 1 - M (15-1 - 15-M). 

If code generators M+1 - N (15-(M+1) - 15-N) generating the dummy code 
group were not employed, determination would be performed to identify the one 
among code generators 1 - M (15-1 - 15-M), which generated the jframe timing code 
5 and the code group exhibiting the highest correlation with respect to the digital signal 
sent from A/D converter 3, and thereby the code group would be detected. In this case, 
however, even if the digital signal sent from tVD converter 3 exhibited a low 
correlation with respect to each of the code groups generated by code generators 1 - M 
(15-1 - 15-M), one of them would be detected as the code group, and this detection 

10 would be error in many cases. 

In contrast to the above, code generators M+1 - N (15-(M+1) - 15-N) generate 
the frame timing codes and the dummy codes, and calculation is performed to 
determine the correlation of the received code with respect to the frame timing codes 
and the dummy code group generated by code generators M+1 - N (15-(M+1) - 15-N). 

15 When the result exhibits the highest correlation, it is determined that any code group is 
not detected so that erroneous detection of the code group is prevented. 

Fig. 5 is a block diagram showing a schematic structure of code detector T. 
Code detector 7' includes code generators 1 - N (19-1 - 19-M) which generate codes for 
detecting the codes, code generators M+1 - N (19-(M+1) - 19-N) which generates 

20 durmny codes, correlators 1 - N (20-1 - 20-N) which calculate the correlations between 
the digital signal sent from A/D converter 3 and the codes output from code generators 
1 - N (19-1 - 19-N), a comparator 21 which compares the correlation values output 
from correlators 1 - N (20-1 - 20-N), and a determining unit 22 which determines a 
code exhibiting a high correlation based on the result of comparison by comparator 21. 

25 Code generators 1 - M (19-1 - 19-M) generate the codes for detecting original 

codes. Meanwhile, code generators M+1 - N (19-(M+1) - 19-N) are employed for 
generating the codes for detecting the dummy code, and are configured to generate the 
dummy codes, which are different from the codes generated by code generators 1 - M 
(19-1 - 19-M). 

30 If code generators M+1 - N (19-(M+1) - 19-N) generating the dummy codes 

were not employed, determination would be performed to identify the one among code 
generators 1 - M (19-1 - 19-M), which generated the code exhibiting the highest 
correlation with respect to the digital signal sent from A/D converter 3, and thereby the 
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code is detected. In this case, however, even if the digital signal sent from A/D 
converter 3 exhibited a low correlation with respect to each of the codes generated by 
code generators 1 - M (19-1 - 19-M), one of them would be detected as the code, and 
this detection would be error in many cases. 
5 In contrast to the above, code generators M+1 - N (19-1 - 19-N) generate the 

frame timing codes and the codes. In the case where the highest correlation is present 
between the dummy code generated by code generators M+1 - N (19-(M+1) - 19-N) 
and the received code, it is determined that the code is not received so that erroneous 
detection of the code is prevented. 

10 According to the mobile communication terminal of this embodiment, as 

described above, the code generators generate the dummy code group or dummy codes, 
and detection of the code group or code is not performed if the received code exhibits a 
high correlation with respect to the dummy code group or the dummy code. Therefore, 
erroneous detection of the code group or code can be prevented. 

15 (Third Embodiment) 

A mobile communication terminal of a third embodiment of the invention 
differs from the mobile communication terminal of the first embodiment shown in Fig. 
1 only in the program to be executed by microcomputer 4. Accordingly, description of 
the structures and fimctions similar to those of the first embodiment is not repeated. 

20 Fig. 6 is a flowchart showing a processing procedure of the mobile 

communication terminal of the third embodiment. In this flowchart, m indicates a 
number of operations of searchmg the slot, and n' indicates the number of paths 
detected in a step S12. For example, if one slot is searched by four divided operations, 
m is equal to 4, and n' represents the number of paths detected in this processing. 

25 When microcomputer 4 instructs slot timing detector 5 to detect the slot timing 

(Sll), slot timing detector 5 detects the search code of the slot, and thereby detects the 
slot timing applied from each base station (S12). The number of paths detected in this 
processing is represented by n' as described above. 

Then, microcomputer 4 instructs detection of the frame timing and 

30 identification of the spread codes to frame timing and code group detector 6 and code 
detector 7 (SI 3). When frame timing and code group detector 6 receives the 
instruction for identification of the spread codes, calculation is performed to determine 
the correlation between the received data in a search range j of the slot and the code 
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groups generated by code generators 1 - N, and thereby the code group is detected 
(SI 4). When code detector 7 receives the instruction for identification of the spread 
codes, the calculation is performed to determine the correlation between the received 
data in the search range j of the slot and the code groups generated by code generators 
5 1 - N, and thereby the code is detected (S 1 5). 

Microcomputer 4 discriminates between the multipath and the paths sent from 
different base stations based on the spread codes, which is identified by frame timing 
and code group detector 6 and code detector 7, and deletes the multipath if is detected 
(S16). 

10 Fig. 7 shows detection of the multipath. When the slot indicated by shown in 

Fig. 7 is received, slot timing of each of slots, which are multiplexed in one slot, is 
detected (S12 in Fig. 6). As indicated by in Fig. 7, the frame timing and code group 
are detected (SI 4 in Fig. 6). As indicated by in Fig. 7, the code is detected (SI 5 in 
Fig. 6). The frame timing, code group and code are successively detected by 

15 performing the search m times (m: time of search operations). 

As indicated by in Fig. 7, when the spread codes is identified, it is determined 
for the paths detected in the same slot whether the multipath is present or not based on 
whether the same spread codes are detected for a time period not exceeding a 
predetermined time (SI 6 in Fig. 6). For example, in the slot at the left end, two paths 

20 are detected within the predetermined time, and both exhibit the spread codes of "C3" 
so that the latter path is determined as the multipath, and is deleted. Two paths 
detected in the second left slot are detected within the predetermined time, but exhibit 
different spread codes "C7" and "C2" so that these are determined as carrier waves 
coming from different base stations, respectively. Further, two paths in the slot at the 

25 right end are not detected within the predetermined time, and therefore are determined 
that these are not multipath. 

Again, the flowchart of Fig. 6 will be described. Microcomputer 4 then 
instructs demodulator 8 and decoder 9 to start demodulation and decoding of the 
received data (817). Demodulator 8 and decoder 9 start the demodulation and 

30 decoding in accordance with the instructions sent from microcomputer 4 (S 1 8). In this 
processing, the multipath is already deleted so that the times required for demodulation 
and decoding can be short. 

Microcomputer 4 performs the processing of determining validity/invalidity of 
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the received data in parallel with the processing by demodulator 8 and decoder 9 (SI 9). 
If the received data is valid, the received data is stored in a table 31. If invalid, 
microcomputer 4 instructs demodulator 8 and decoder 9 to stop the processing. Since 
processing by microcomputer 4 in steps 813, 816, 817 and 819, the processing by 
5 frame timing and code group detector 6 and code detector 7 in steps 814 and 815, and 
the processing by demodulator 8 and decoder 9 in step SI 8 can be performed in 
parallel with each other so that these can be performed as pipeline processing, whereby 
the cell search can be performed further fast. 

The processing in steps S13 - S19 described above are performed for i = 0 - n'- 

10 1, and the processing is effected on the detected paths of n' in number. When the 

processing on the detected paths of n' in number is completed, the processing returns to 
step Sll, and processing for the next search ranges is successively performed. 

According to the mobile communication terminal of the embodiment, as 
described above, one slot is divided into a plurality of search ranges, and identification 

15 of the spread codes, deletion of the multipath, and demodulation and decoding of the 
received data are successively performed in the search ranges thus divided. Therefore, 
the time required for decoding the multipath can be reduced so that the cell search can 
be performed fast. Further, it is not necessary to employ a memory of a large capacity, 
which is required in the prior art for storing information used for deleting the 

20 multipath. Accordingly, the scale of hardware of the mobile communication terminal 
can be reduced. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not 
to be taken by way of limitation, the spirit and scope of the present invention being 
25 limited only by the terms of the appended claims. 
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CLAIMS 

1. (Amended) A mobile communication terminal comprising: 
a receiver (2) receiving a radio wave from base stations! 

a detector (5, 6, 7) detecting spread codes from signals received by 
said receiver (2); 

a demodulator (8) demodulating the received signals with the spread 
codes detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); 

and 

a control unit (4) controlling cell search process, and stopping signal 
processing of the cell search in response to detection of invalid [data] cell. 

2. (Amended) The mobile communication terminal according to 
claim 1, wherein 

said control unit (4) determines the invalid [data] cell based on 
information received from the base station, and stops the processing of said 
[data] cell . 

3. (Amended) The mobile communication terminal according to 
claim 2, wherein 

said detector (5, 6, 7) includes: 

a slot timing detector (5) detecting slot timing from the signals 
received by said receiver (2), 

a code group detector (6) detecting a code group based on the slot 
timing detected by said slot timing detector (5) from the signals received bv 
said receiver (2), and 

a code detector (7) detecting a code based on the slot timing detected 
by said slot timing detector (5) and the code group detected bv said code 
group detector from the signals received bv said receiver (2) . 

4. (Amended) The mobile communication terminal according to 
claim 3, wherein 
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said control unit (4) stops the processing of received [data] signals 
when the code group detected by said code group detector (6) is not a 
predetermined code. 

5 5. (Amended) The mobile communication terminal according to 

claim 4, wherein 

said code group detector (6) includes^ 

a plurality of code generators (15-1 - 15-N), each of said code 
generators (15-1 - 15-M) generating a code corresponding to a different code 
10 group, 

a dummy code generator (15-(M-H) - 15-N) generating a dummy code 
different from the code groups generated by said plurality of code 
generators (15-1 - 15-M), 

a plurality of correlators (16-1 - 16-N), each of said correlators (16-1 - 
15 16-N) calculating correlation between the signal received by said receiver 
(2) and the code generated by the corresponding code generator (15-1 - 15- 
N), and 

a determining unit (18) determining invalidity of the [data] detected 
slot timing based on the calculation result of said plurality of correlators 
20 (16-1 - 16-N). 

6. (Amended) The mobile communication terminal according to 
claim 3, wherein 

said control unit (4) stops the signal processing of the [received data] 
25 cell search if the code detector (7) detects a code group other than a code 
group including the predetermined code. 

7. (Amended) The mobile communication terminal according to 
claim 6, wherein 

30 said code detector (7) includes: 

a plurality of code generators (19-1 - 19-N), each of said code 
generators (19-1 ■ 19-M) generating a different code, 

a dummy code generator (l9-(M+l) - 19-N) generating a dummy code 
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different from the codes generated by said plurality of code generators (19- 
1 - 19-M), 

a plurality of correlators (20-1 - 20-N), each of said correlators (20-1 - 
20-N) calculating correlation between the data received by said receiver (2) 
and the code generated by the corresponding code generator (19-1 • 19-N), 
and 

a determining unit (22) determining invalidity of the [data] detected 
slot timing based on the calculation result of said plurality of correlators 
(20-1 - 20-N). 

8. (Amended) A mobile communication terminal comprising: 
a receiver (2) receiving a radio wave from base stations! 
a detector (5, 6, 7) detecting spread codes from signals received by 
said receiver (2), 

a demodulator (8) demodulating the received signals with the spread 
codes detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); 

and 

a control unit (4) dividing a slot into a plurality of search ranges, 
deleting multipath in said search range [and] , successively [decoding the 
received data by said decoder (9)] allowing said demodulator (8) to 
demodulate the received signals and allowing said decoder (9) to decode the 
demodulated data . 

25 9. (Amended) The mobile communication terminal according to 

claim 8, wherein 

said control unit (4) stops the decode processing if the [received] 
decoded data in said search range is invalid data. 

30 10. (Amended) A communication method comprising the steps of 

receiving a radio wave from base stations; 
detecting spread codes from said received signals; 
demodulating the received signals with said detected spread codes; 
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decoding said demodulated data; and 

controlling cell search process, and stopping signal processing of the 
cell search if said [received] demodulated data is invalid ceU. 

5 11. (Amended) The communication method according to claim 10, 

wherein 

said step of stopping the signal processing of the cell search includes 
the step of determining invalid [data] cell based on information received 
from the base station, and stopping the signal processing of the [data] cell 
10 search . 

12. (Amended) The communication method according to claim 11, 
wherein 

said step of detecting the spread codes includes the steps of 
15 detecting slot timing from said received signals, 

detecting a code group based on said detected slot timing from said 
received signals, and 

detecting a code based on said detected slot timing and said detected 
code group . 

20 

13. (Amended) The communication method according to claim 12, 
wherein 

said step of stopping the signal processing of [said received data] the 
cell search includes the step of stopping the signal processing of the cell 
25 search if the code group received from the base station is not a code group 
including a predetermined code. 

14. (Amended) The communication method according to claim 13, 
wherein 

30 said step of stopping the signal processing of the cell search includes 

the steps of- 

generating codes corresponding to a plurahty of different code 
groups, 
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generating a dummy code different from said plurality of generated 
code groups, 

calculating correlations of said received signals with respect to said 
plurality of generated code and the dummy code, and 
5 determining invalidity of the [data] detected code group based on a 

result of said calculation. 



15. (Amended) The communication method according to claim 12, 
wherein 

10 said step of stopping the signal processing of [said received data] the 

cell search includes the step of stopping the signal processing of the 
[received data] cell search if the code received from the base station is not a 
predetermined code. 

15 16. (Amended) The communication method according to claim 15, 

wherein 

said step of stopping the signal processing of [said received data] the 
cell search includes the steps of' 

generating a plurality of different codes, 
20 generating a dummy code different from said generated code, 

calculating correlations of said received signals with respect to said 
plurality of generated codes and said dummy code, and 

determining invalidity of the data based on a result of said 
calculation. 

25 

17. (Amended) A communication method comprising the steps of 
receiving a radio wave from base stations; 
detecting spread codes from said received signals; 
deleting multipath of the code already detected; 
30 successively demodulating the received [data] signals subjected to 

the deletion of the multipath with said detected spread codes; and 
decoding said demodulated data. 
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SPECIFICATION 

Mobile Communication Terminal and Communication Method 

5 Technical Field 

The present invention relates to a mobile communication terminal 
employing- a code division multiplex method for communication, and 
particularly a mobile communication terminal which rapidly searches 
adjacent cells during cell search. 

10 

Background Art 

In recent years, mobile communication terminals such as a portable 
telephone and a mobile telephone have been widely used, and various 
kinds of multiple access methods have been developed for use in such 

15 mobile communication systems. Among them, a CDMA (Code Division 
Multiple Access) method has been employed in portable telephones and 
others because it has high quahty reception capability through the 
exploitation of multipath fading, and can achieve a high utilization 
efficiency of radio resource (can increase a subscriber capacity). 

20 Fig. 8 is a schema which shows that the mobile station can receive a 

number of radio waves transmitted from adjacent cells via multiple 
propagation paths (multipath). In general, a plurahty of base stations 
(BSl - BS5) are arranged regularly, and ceUs of the base stations form a 
regular polygon if these base stations are arranged to cover a service area 

25 with as high a electric field as possible, as is well known and shown in Fig. 
8. When a mobile communication terminal (MS) performs the cell search, 
it receives a plurahty of radio waves from respective base stations, and 
additionally receives radio waves (multipath), which are transmitted from 
various base stations, and are shifted in timing from each other due to 

30 wave reflection and diffraction. This multipath is not necessary, and 
therefore is deleted during the cell search operation by an appropriate 
manner. 

A stepwise search method has been known as a fast cell search 
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method. Fig. 9 shows a processing procedure for detecting and deleting 
multipath components in the stepwise search method. First, slot timing 
for those including multipath components is detected (short-period 
detection) (SlOl). Detection of slots is performed by detecting search 
5 codes of the slots. By detecting the frame timing code, the frame timing is 
detected (long-period detection), and further the code group is detected 
(S102). 

In addition to the code group, the candidate codes which belong to 
the group is further evaluated (S103), and finally a spread codes is 
10 identified. Information such as spread codes, which is required for 
recognizing the multipath, is stored in a memory 110 (S104). In this 
manner, the multipath is recognized based on the information of code and 
timing stored in memory 110, and the multipath is deleted from the 
obtained information (S 105). The information, from which the multipath 
15 is deleted as described above, is decoded so that an amount of decode 
processing is reduced, and fast cell search can be achieved. 

However, the multipath is deleted after all the slot timing, frame 
timing and codes for one slot are detected and stored in memory 1 10. This 
results in a problem that the time required for the entire ceU search cannot 
20 be reduced. 

The invention has been developed for overcoming the above problem, 
and a first object of the invention is to provide a mobile communication 
terminal allowing fast cell search. 

A second object of the invention is to provide a mobile 
25 communication terminal allowing accurate identification of spread codes. 

A third object of the invention is to provide a communication method 
allowing fast cell search. 

A fourth object of the invention is to provide a communication 
method allowing precise identification of spread codes. 

30 

Disclosure of the Invention 

According to an aspect of the invention, a mobile communication 
terminal includes a receiver receiving a radio wave from base stations; a 
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detector detecting spread codes from signals received by the receiver; a 
demodulator demodulating the received signals with the spread codes 
detected by the detector; a decoder decoding data demodulated by the 
demodulator; and a control unit controlling cell search process, and 
5 stopping processing of the cell search in response to detection of invalid 
data. 

The control unit stops the processing of the cell search when invahd 
data is received. Therefore, the cell search can be performed fast. 

Preferably, the control unit determines the invalid data based on the 
10 information received from the base station, and stops the processing of the 
data. 

Since the control unit stops the processing of the data cell based on 
the information received from the base station, the cell search can be 
performed fast even in the cases, e.g., of erroneous detection of an 
15 unexLsting code or frame timing. 

The detector includes a slot timing detector detecting slot timing 
from the data received by the receiver, a code group detector detecting a 
code group based on the slot timing detected by the slot timing detector, 
and a code detector detecting a code based on the slot timing detected by 
20 the slot timing detector. 

The code group detector and the code detector detect the code group 
and the code based on the slot timing detected by the slot timing detector, 
respectively. Therefore, the identification of the spread codes of each slot 
can be accurately performed. 
25 More preferably, the control portion stops the processing of received 

data when the code group detected by the code group detector is not a 
predetermined code. 

Since the control portion stops the processing of received data in the 
case where the code group detected by the code group detector is not the 
30 predetermined code, the cell search processing can be performed fast even 
in the case where an unexisting code group is erroneously detected. 

More preferably, the code group detector includes a plurality of code 
generators generating a different code group, a dummy code generator 



generating a dummy code different from the code group generated by the 
plurality of code generators, a plurahty of correlators calculating 
correlations between the data received by the receiver and the codes 
generated by the plurahty of code generators and a determining unit 
5 determining invahdity of data based on the calculation result of the 
plurality of correlators. 

Since the correlators calculate the correlation between the received 
data and the code generated by the dummy code generator, it is possible to 
detect an inappropriate code group. 
10 More preferably, the control unit stops the processing of the received 

data if the code detector detects the code other than the predetermined 
code. 

Since the control unit stops the processing of the received data if the 
code detector detects the code other than the predetermined code, the 

15 processing of cell search can be performed fast even if an unexisting code is 
erroneously detected. 

More preferably, the code detector includes a plurahty of code 
generators generating different codes, respectively, a dummy code 
generator generating a dummy code different from the codes generated by 

20 the plurahty of code generators, a plurahty of correlators calculating 
correlations between the data received by the receiver and the codes 
generated by the plurahty of code generators, and a determining unit 
determining invahdity of the data based on the calculation result of the 
plurahty of correlators. 

25 Since the correlators calculate the correlation between the received 

data and the code generated by the dummy code generator, an 
inappropriate code can be detected. 

According to another aspect of the invention, a mobile 
communication terminal includes a receiver receiving a radio wave from 

30 base stations; a detector detecting spread codes from signals received by 
the receiver, a demodulator demodulating the received signals with the 
spread codes detected by the detector; a decoder decoding data 
demodulated by the demodulator; and a control unit dividing a slot into a 
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plurality of search ranges, deleting multipatli in the search range and 
successively decoding the received data by the decoder. 

The control unit divides the slot into a plurahty of search ranges, 
deletes the multipath in the search range, and allows the decoder to decode 
5 successively the received data. Therefore, the data processing by the 

decoder can be reduced, and the cell search processing can be performed 
fast. Further, the detector, demodulator, decoder and control portion can 
be operated in parallel to perform pipeline processing so that the 
processing speed can be further increased. 
10 Preferably, the control unit stops the decode processing if the 

received data in the search range is invahd data. 

Since the control portion stops the decode processing if the received 
data in the search range is invalid data, the time required for the cell 
search can be further reduced. 
15 According to further another aspect of the invention, a 

communication method includes the steps of receiving a radio wave from 
base stations; detecting spread codes from the received signals; 
demodulating the received signals with the detected spread codes; decoding 
the demodulated data; and controlling a cell search process, and stopping 
20 the processing of the cell search if the received data is invahd. 

If the received data is invahd, the processing of the received data is 
stopped so that the cell search can be performed fast. 

Preferably, the step of stopping the processing of the received data 
includes the step of determining invahd data based on the information 
25 received from the base station, and stopping the processing of the data. 

Since the processing of the data is stopped based on the information 
received from the base station, the cell search can be performed fast, for 
example, even in the case where an unexisting code is detected. 

More preferably, the step of detecting the spread codes includes the 
30 steps of detecting slot timing from the received data, detecting a code group 
based on the detected slot timing, and detecting a code based on the 
detected slot timing. 

Since the code group and the code are detected based on the detected 



slot timing, the spread codes o£ each slot can be accurately identi&ed. 

More preferably, the step of stopping the data processing includes 
the step of stopping the processing of the received data if the code group 
received from the base station is not a predetermined code. 
5 Since the processing of the received data is stopped if the code group 

is not the predetermined code, the processing of cell search can be 
performed further fast if inappropriate data is received from the base 
station. 

More preferably, the step of stopping the processing of the received 
10 data includes the steps of generating a plurahty of different code groups, 
respectively, generating a dummy code different from the plurahty of 
generated code groups, calculating the correlation of the received data with 
respect to the plurahty of generated code and the dummy code, and 
determining invahdity of the data based on a result of the calculation. 
15 Since the correlation between the received data and the generated 

code is calculated, an inappropriate code group can be detected. 

More preferably, the step of stopping the processing of the data 
includes the step of stopping the processing of the received data if the code 
received from the base station is not a predetermined code. 
20 If the code is different from the predetermined code, the processing 

of the received data is stopped so that the cell search processing can be 
performed further fast even if an unexisting code group is erroneously 
detected. 

More preferably, the step of stopping the data processing includes 
25 the steps of generating a plurahty of different codes, generating a dummy 
code different from the generated code, calculating a correlation of the 
received data with respect to the plurahty of generated codes and the 
dummy code, and determining invahdity of the data based on a result of 
the calculation. 

30 Since the correlation between the received data and the generated 

code is calculated, an inappropriate code can be detected. 

According to still another aspect of the invention, a communication 
method includes the steps of receiving a radio wave from base stations; 
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detecting spread codes from the received signals; deleting nmltipath of the 
code already detected; successively demodulating the received data 
subjected to the deletion of the multipath with the detected spread codes; 
and decoding the demodulated data. 
5 The multipath of the code already detected is deleted, and the 

received data is successively demodulated and decoded. Therefore, the 
decode processing can be eliminated, and the processing of cell search can 
be performed fast. 

Preferably, the decoding processing is not performed in the step of 
10 deleting the multipath if the newly detected code is the multipath. 

Since the decode processing is not performed if the newly detected 
code is the multipath, the time required for the cell search can be further 
reduced. 

15 Brief Description of the Drawings 

Fig. 1 is a block diagram showing a schematic structure of a mobile 
communication terminal of a first embodiment of the invention; 

Fig. 2 is a block diagram showing schematic structures of a fcame 
timing and code group detector 6 and a code detector 7 of the mobile 
20 communication terminal of the first embodiment of the invention; 

Fig. 3 is a flowchart for showing a processing procedure of the mobile 
communication terminal of the first embodiment of the invention; 

Fig. 4 is a block diagram showing a schematic structure of a frame 
timing and code group detector 6' of a mobile communication terminal of a 
25 second embodiment of the invention; 

Fig. 5 is a block diagram showing a schematic structure of a code 
detector 7' of the mobile communication terminal of the second embodiment 
of the invention; 

Fig. 6 is a flowchart showing a processing procedure of a mobile 
30 communication terminal of a third embodiment of the invention; 

Fig. 7 shows determination of a multipath component; 
Fig. 8 shows that MS receives radio waves which include multipath 
components from adjacent cells; 



- 7 - 



Fig. 9 is a flowchart showing recognisition and deletion of the 
multipath component during cell search in the prior art. 

Best Mode for Carrying Out the Invention 
5 The invention will now be described in greater detail with reference 

to the drawings. 

(First Embodiment) 

Fig. 1 is a block diagram showing a schematic structure of a mobile 
communication terminal of a first embodiment of the invention. This 

10 mobile communication terminal includes an antenna 1, a receiver 2 which 
receives a weak radio frequency wave sent from base stations via antenna 
1 and down-converts that into a baseband frequency wave, an A/D (Analog- 
to-Digital) converter 3 which converts received analog signals into digital 
signals, a microcomputer 4 which performs entire control of the mobile 

15 communication terminal, a slot timing detector 5 for detecting slot timing 
during cell search, a frame timing and code group detector 6 which detects 
frame timing and code group during cell search, a code detector 7 which 
detects a code during cell search, a demodulator 8 which demodulates a 
received code with a detected spread codes, a decoder 9 which decodes the 

20 received signals demodulated by demodulator 8, and a memory 10 which 
stores a program to be executed by microcomputer 4 and others. The 
detection of the frame timing may be performed by code detector 7. 

Fig. 2 is a block diagram showing a schematic structure of frame 
timing and code group detector 6. Frame timing and code group detector 6 

25 includes code generators 1 - N (11-1 - 11-N) generating codes, which are 
used when detecting a code group, correlators 1 - N (12-1 - 12-N) which 
calculates correlations between a digital signal sent from A/D converter 3 
and the codes generated by code generators 1 - N (11-1 - 11-N), a 
comparator 13 comparing correlation values output from correlators 1 - N 

30 (12-1 - 12-N), and a determining unit 14 which determines a code group 
exhibiting a high correlation based on the result of comparison by 
comparator 13. The result of determination of determining unit 14 is 
stored in memory 10. 
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Code detector 7 has a structure similar to that of frame timing and 
code group detector 6 shown in Fig. 2. However, code generators 1 - N 
(11-1 - 11-N) do not generate the codes for detecting the code group, but 
generate the codes for detecting the codes so that correlators 1 - N (12-1 - 
5 12-N) calculate the correlations between the digital signal sent from A/D 
converter 3 and the codes output from code generators 1 - N (11-1 - 11-N). 

Fig. 3 is a flowchart showing a processing procedure of the mobile 
communication terminal of the first embodiment of the invention. First, 
slot timing detector 5 receives the digital signal sent from A/D converter 3, 

10 and detects the slot timing (Si). Frame timing and code group detector 7 
detects the frame timing from the digital signal sent from A/D converter 3 
using the frame timing code, and detects the code group based on the slot 
timing detected by slot timing detector 5 (S2). 

Then, microcomputer 4 determines whether the frame timing and 

15 code group detected by frame timing and code group detector 6 are valid or 
not (S3). For example, it is determined that the code group is invalid if 
there is no code group exhibiting a high correlation, as will be described 
later in connection with a second embodiment. If it is determined that the 
frame timing or code group is invalid (invahd in S3), microcomputer 4 ends 

20 the processing as it is. If it is determined that the frame timing and code 
group are vahd (valid in S3), microcomputer 4 operates to detect the code 
by code detector 7 (S4), 

Then, microcomputer 4 determines whether the code detected by 
code detector 7 is vahd or not (S5). For example, it is determined that the 

25 code is invahd if the code exhibiting a high correlations is not present, as 
will be described later in connection with the second embodiment. When 
it is determined that the code is invahd (invahd in S4), microcomputer 4 
stops the processing as it is. When it is determined that the code is vahd 
(vahd in S4), microcomputer 4 stores the code in memory 10. The 

30 multipath is detected and deleted from the code stored in memory 10 (S7). 
Decoder 9 decodes the data demodulated by demodulator 8 to acquire the 
notification information, and the processing ends. 

According to the mobile communication terminal of this embodiment. 



as described above, the informatioii is not stored, and the processing stops 
if the frame timing, code group or code is invalid. Therefore, the detection 
of the multipath during the cell search can be efficiently performed, and 
the processing speed can be improved. 
5 (Second Embodiment) 

A mobile communication terminal of a second embodiment of the 
invention differs from the mobile communication terminal of the first 
embodiment shown in Fig. 1 only in the structures of the frame timing and 
code group detector and the code detector as well as the program to be 

10 executed by microcomputer 4. Accordingly, description of the structures 
and functions similar to those of the first embodiment is not repeated. In 
the second embodiment, the frame timing and code group detector and the 
code detector bear the reference numbers 6' and 7', respectively. 

Fig. 4 is a block diagram showing a schematic structure of frame 

15 timing and code group detector 6' of the second embodiment. Frame 

timing and code group detector 6' includes code generators 1 - M (15-1 - 15- 
M) generating codes for detecting the frame timing and the code group, 
code generators M+1 - N (15-(M+1) - 15-N) generating dummy codes, 
correlators 1 - N (16-1 - 16-N) which calculate correlations between the 

20 digital signals sent from A/D converter 3 and the codes output from code 

generators 1 - N (15-1 - 15-N), a comparator 17 which compares correlation 
values output from correlators 1 - N (16-1 - 16-N), and a determining unit 
18 which determines a code group exhibiting a high correlation based on 
the result of comparison by comparator 17. 

25 Code generators 1 - M (15-1 - 15-M) generate codes for detecting the 

original frame timing code and code group. Meanwhile code generators 
M+1 - N (15-(M+1) - 15-N) are employed for generating codes for detecting 
the frame timing code and dummy code group, and thus generate the 
dummy codes different from the codes generated by code generators 1 - M 

30 (15-1 - 15-M). 

If code generators M+1 - N (15-(M+1) - 15-N) generating the dummy 
code group were not employed, determination would be performed to 
identify the one among code generators 1 - M (15-1 - 15-M), which 
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generated the frame timing code and the code group exhibiting the highest 
correlation with respect to the digital signal sent from A/D converter 3, and 
thereby the code group would be detected. In this case, however, even if 
the digital signal sent from A/D converter 3 exhibited a low correlation 
5 with respect to each of the code groups generated by code generators 1 - M 
(15-1 - 15-M), one of them would be detected as the code group, and this 
detection would be error in many cases. 

In contrast to the above, code generators M+1 - N (15-(M+1) - 15-N) 
generate the frame timing codes and the dummy codes, and calculation is 

10 performed to determine the correlation of the received code with respect to 
the frame timing codes and the dummy code group generated by code 
generators M+1 - N (15-(M+1) - 15-N). When the result exhibits the 
highest correlation, it is determined that any code group is not detected so 
that erroneous detection of the code group is prevented. 

15 Fig. 5 is a block diagram showing a schematic structure of code 

detector 7'. Code detector 7' includes code generators 1 - N (19-1 - 19-M) 
which generate codes for detecting the codes, code generators M+1 - N (19- 
(M+l) - 19-N) which generates dummy codes, correlators 1 - N (20-1 - 20-N) 
which calculate the correlations between the digital signal sent from A/D 

20 converter 3 and the codes output from code generators 1 - N (19-1 - 19-N), a 
comparator 21 which compares the correlation values output from 
correlators 1 - N (20-1 - 20-N), and a determining unit 22 which determines 
a code exhibiting a high correlation based on the result of comparison by 
comparator 21. 

25 Code generators 1 - M (19-1 - 19-M) generate the codes for detecting 

original codes. Meanwhile, code generators M+1 - N (19-(IV[+1) - 19-N) are 
employed for generating the codes for detecting the dummy code, and are 
configured to generate the dummy codes, which are different from the 
codes generated by code generators 1 - M (19-1 - 19-M). 

30 If code generators M+1 - N (19-(M+1) - 19-N) generating the dummy 

codes were not employed, determination would be performed to identify the 
one among code generators 1 - M (19-1 - 19-M), which generated the code 
exhibiting the highest correlation with respect to the digital signal sent 



- 11 - 



from AID converter 3, and thereby the code is detected. In this case, 
however, even if the digital signal sent from A/D converter 3 exhibited a 
low correlation with respect to each of the codes generated by code 
generators 1 - M (19-1 - 19-M), one of them would be detected as the code, 
5 and this detection would be error in many cases. 

In contrast to the above, code generators M+1 - N (19-1 - 19-N) 
generate the frame timing codes and the codes. In the case where the 
highest correlation is present between the dummy code generated by code 
generators M-i-1 - N (19-(M+1) - 19-N) and the received code, it is 
10 determined that the code is not received so that erroneous detection of the 
code is prevented. 

According to the mobile communication terminal of this embodiment, 
as described above, the code generators generate the dummy code group or 
dummy codes, and detection of the code group or code is not performed if 
15 the received code exhibits a high correlation with respect to the dummy 

code group or the dummy code. Therefore, erroneous detection of the code 
group or code can be prevented. 
(Third Embodiment) 

A mobile communication terminal of a third embodiment of the 
20 invention differs from the mobile communication terminal of the first 
embodiment shown in Fig. 1 only in the program to be executed by 
microcomputer 4. Accordingly, description of the structures and functions 
similar to those of the first embodiment is not repeated. 

Fig. 6 is a flowchart showing a processing procedure of the mobile 
25 communication terminal of the third embodiment. In this flowchart, m 

indicates a number of operations of searching the slot, and n' indicates the 
number of p aths detected in a step S 12 . For example, if one slot is 
searched by four divided operations, m is equal to 4, and n' represents the 
number of paths detected in this processing. 
30 When microcomputer 4 instructs slot timing detector 5 to detect the 

slot timing (Sll), slot timing detector 5 detects the search code of the slot, 
and thereby detects the slot timing applied from each base station (S12). 
The number of paths detected in this processing is represented by n' as 
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described above. 

Then, microcomputer 4 instructs detection of the frame timing and 
identification of the spread codes to frame timing and code group detector 6 
and code detector 7 (S13). When frame timing and code group detector 6 
5 receives the instruction for identification of the spread codes, calculation is 
performed to determine the correlation between the received data in a 
search range j of the slot and the code groups generated by code generators 
1 - N, and thereby the code group is detected (S14). When code detector 7 
receives the instruction for identification of the spread codes, the 

10 calculation is performed to determine the correlation between the received 
data in the search range j of the slot and the code groups generated by code 
generators 1 - N, and thereby the code is detected (S15). 

Microcomputer 4 discriminates between the multipath and the paths 
sent from different base stations based on the spread codes, which is 

15 identified by frame timing and code group detector 6 and code detector 7, 
and deletes the multipath if is detected (S 16). 

Fig. 7 shows detection of the multipath. When the slot indicated by 
(D shown in Fig. 7 is received, slot timing of each of slots, which are 
multiplexed in one slot, is detected (S12 in Fig. 6). As indicated by (D in 

20 Fig. 7, the frame timing and code group are detected (S14 in Fig. 6). As 
indicated by (3) in Fig. 7, the code is detected (Sl5 in Fig. 6). The frame 
timing, code group and code are successively detected by performing the 
search m times (m: time of search operations). 

As indicated by (D in Fig. 7, when the spread codes is identified, it 

25 is determined for the paths detected in the same slot whether the 

multipath is present or not based on whether the same spread codes are 
detected for a time period not exceeding a predetermined time (S16 in Fig. 
6). For example, in the slot at the left end, two paths are detected within 
the predetermined time, and both exhibit the spread codes of "C3" so that 

30 the latter path is determined as the multipath, and is deleted. Two paths 
detected in the second left slot are detected within the predetermined time, 
but exhibit different spread codes "C7" and "C2" so that these are 
determined as carrier waves coming from different base stations, 
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respectively. Further, two paths in the slot at the right end are not 
detected within the predetermined time, and therefore are determined that 
these are not multipath. 

Again, the flowchart of Fig. 6 will be described. Microcomputer 4 
5 then instructs demodulator 8 and decoder 9 to start demodulation and 

decoding of the received data (S17). Demodulator 8 and decoder 9 start 
the demodulation and decoding in accordance with the instructions sent 
from microcomputer 4 (SIS). In this processing, the multipath is already- 
deleted so that the times required for demodulation and decoding can be 
10 short. 

Microcomputer 4 performs the processing of determining 
validity /invalidity of the received data in parallel with the processing by 
demodulator 8 and decoder 9 (S 19). If the received data is valid, the 
received data is stored in a table 31. If invalid, microcomputer 4 instructs 

15 demodulator 8 and decoder 9 to stop the processing. Since processing by 
microcomputer 4 in steps Sl3, Sl6, S17 and Sl9, the processing by frame 
timing and code group detector 6 and code detector 7 in steps S14 and S15, 
and the processing by demodulator 8 and decoder 9 in step S18 can be 
performed in parallel with each other so that these can be performed as 

20 pipehne processing, whereby the cell search can be performed further fast. 

The processing in steps S13 - S19 described above are performed for 
i = 0 - n'-l, and the processing is effected on the detected paths of n' in 
number. When the processing on the detected paths of n' in number is 
completed, the processing returns to step Sll, and processing for the next 

25 search ranges is successively performed. 

According to the mobile communication terminal of the embodiment, 
as described above, one slot is divided into a plurality of search ranges, and 
identification of the spread codes, deletion of the multipath, and 
demodulation and decoding of the received data are successively performed 

30 in the search ranges thus divided. Therefore, the time required for 
decoding the multipath can be reduced so that the ceU search can be 
performed fast. Further, it is not necessary to employ a memory of a large 
capacity, which is required in the prior art for storing information used for 
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deleting the multipath. Accordingly, the scale of hardware of the mobile 
communication terminal can be reduced. 

Although the present invention has been described and illustrated 
in detail, it is clearly understood that the same is by way of illustration 
and example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being Umited only by the terms of the 
appended claims. 
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CLAIMS 



1. A mobile communication terminal comprising: 

a receiver (2) receiving a radio wave from base stations; 
5 a detector (5, 6, 7) detecting spread codes from signals received by 

said receiver (2); 

a demodulator (8) demodulating the received signals with the spread 
codes detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); 

10 and 

a control unit (4) controlling cell search process, and stopping signal 
processing of the cell search in response to detection of invalid data. 

2. The mobile communication terminal according to claim 1, 
15 wherein 

said control unit (4) determines the invalid data based on 
information received from the base station, and stops the processing of said 
data. 

20 3. The mobile communication terminal according to claim 2, 

wherein 

said detector (5, 6, 7) includes: 

a slot timing detector (5) detecting slot timing from the signals 
received by said receiver (2), 
25 a code group detector (6) detecting a code group based on the slot 

timing detected by said slot timing detector (5), and 

a code detector (7) detecting a code based on the slot timing detected 
by said slot timing detector (5). 

30 4. The mobile communication terminal according to claim 3, 

wherein 

said control unit (4) stops the processing of received data when the 
code group detected by said code group detector (6) is not a predetermined 
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code. 



5. The mobile communication terminal according to claim 4, 
wherein 

5 said code group detector (6) includes: 

a plurahty of code generators (15-1 - 15-N), each of said code 
generators (15-1 - 15-M) generating a different code group, 

a dummy code generator (15-(M4-1) - 15-N) generating a dummy code 
different from the code groups generated by said plurality of code 
10 generators (15-1 - 15-M), 

a plurality of correlators (16-1 - 16-N), each of said correlators (16-1 - 
16-N) calculating correlation between the signal received by said receiver 
(2) and the code generated by the corresponding code generator (15-1 - 15- 
N), and 

15 a determining unit (18) determining invalidity of the data based on 

the calculation result of said plurality of correlators (16-1 - 16-N). 

6. The mobile communication terminal according to claim 3, 
wherein 

20 said control unit (4) stops the processing of the received data if the 

code detector (7) detects a code other than the predetermined code. 

7. The mobile communication terminal according to claim 6, 
wherein 

25 said code detector (7) includes: 

a plurahty of code generators (19-1 - 19-N), each of said code 
generators (19-1 - 19-M) generating a different code, 

a dummy code generator (19-(M+1) - 19-N) generating a dummy code 
different from the codes generated by said plurality of code generators (19- 
30 1 - 19-M), 

a plurahty of correlators (20-1 - 20-N), each of said correlators (20-1 - 
20-N) calculating correlation between the data received by said receiver (2) 
and the code generated by the corresponding code generator (19-1 - 19-N), 
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and 

a determining unit (22) determining invalidity of the data based on 
the calculation result of said plurality of correlators (20-1 - 20-N). 



5 8. A mobile communication terminal comprising: 

a receiver (2) receiving a radio wave from base stations; 
a detector (5, 6, 7) detecting spread codes from signals received by 
said receiver (2), 

a demodulator (8) demodulating the received signals with the spread 
10 codes detected by said detector (5, 6, 7); 

a decoder (9) decoding data demodulated by said demodulator (8); 

and 

a control unit (4) dividing a slot into a plurahty of search ranges, 
deleting multipath in said search range and successively decoding the 
15 received data by said decoder (9). ^ 

9. The mobile communication terminal according to claim 8, 
wherein 

said control unit (4) stops the decode processing if the received data 
20 in said search range is invalid data. 



10. A communication method comprising the steps of: 
receiving a radio wave from base stations; 
detecting spread codes from said received signals; 
25 demodulating the received signals with said detected spread codes; 

decoding said demodulated data; and 

controlling cell search process, and stopping signal processing of the 
cell search if said received data is invalid. 



30 11. The communication method according to claim 10, wherein 

said step of stopping the signal processing of the cell search includes 
the step of determining invalid data based on information received from 
the base station, and stopping the processing of the data. 
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12. The communication method according to claim 11, wherein 
said step of detecting the spread codes includes the steps of: 
detecting slot timing from said received signals, 

detecting a code group based on said detected slot timing, and 
detecting a code based on said detected slot timing. 

13. The communication method according to claim 12, wherein 
said step of stopping the processing of said received data includes 

the step of stopping the signal processing of the cell search if the code 
group received from the base station is not a predetermined code. 

14. The communication method according to claim 13, wherein 
said step of stopping the signal processing of the cell search includes 

the steps of: 

generating a plurality of different code groups, 

generating a dummy code different from said plurality of generated 
code groups, 

calculating correlations of said received signals with respect to said 
plurality of generated code and the dummy code, and 

determining invalidity of the data based on a result of said 
calculation. 

15. The communication method according to claim 12, wherein 
said step of stopping the processing of said received data includes 

the step of stopping the processing of the received data if the code received 
from the base station is not a predetermined code. 

16. The communication method according to claim 15, wherein 
said step of stopping the processing of said received data includes 

the steps of: 

generating a plurality of different codes, 

generating a dummy code different from said generated code, 
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calculating correlations of said received signals with, respect to said 
plurality of generated codes and said dummy code, and 

determining invalidity of the data based on a result of said 
calculation. 

17. A communication method comprising the steps of: 
receiving a radio wave from base stations; 
detecting spread codes from said received signals; 
deleting multipath of the code already detected; 
successively demodulating the received data subjected to the 

deletion of the multipath with said detected spread codes; and 
decoding said demodulated data. 

18. The communication method according to claim 17, wherein 
said decoding processing is not performed in said step of deleting the 

multipath if the newly detected code is the multipath. 
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cate having a filing date before that of the application on 
which priority is claimed: 
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(Number) 
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cation in the manner provided by the first paragraph of Title 
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false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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